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AMPWFICATION OF TKE INF'LUENCE OF EXTERNAL EFFECTS 
BY A p-n JUNCTION 

Yu.F.Sokolov 

;z 7 6 7 a  
Discussion of some r e s u l t s  obtained by Stafeev which show 

t h a t ,  i f  t h e  current-carrier mobility i n  a semiconductor 

i s  changed by an external  effect ,  t h e  r e l a t i v e  change i n  

t h e  current  (!!j/j ) flowing through a p-n junction w i t h  a 

thick base and t h e  r e l a t i v e  change i n  semiconductor con- 

d u c t i v i t y  (00/0) are related by t h e  expression A j / j  = 

= K(Ao/o) where t h e  amplification f a c t o r  K i s  l a r g e r  t h a n  

unity. A formula f o r  t h e  maximum value of K 

It i s  general ly  known (Bibl.1) that, i f  any externa l  e f f e c t  changes t h e  

current-carrier mobili ty i n  a semiconductor, t h e  r e l a t i v e  change i n  t h e  current 

Af/f flowing through a p-n junction with a th ick  base (d/L 9 1 ) O  b u i l t  of this 

semiconductor and operating a t  a h igh  l e v e l  of i n j e c t i o n  w i l l  be connected w i t h  

t h e  r e l a t i v e  change i n  t h e  conductivity h0/0 of t h e  semiconductor by t h e  rela- 
I 

' t ion 

?here K > 1. 

junction i n t e n s i f i e s  t h e  e f f e c t  of the external  inf luence on t h e  semiconductor, 

'and t o  designate K as t h e  amplification factor .  

The l a t t e r  f a c t  ( K  > 1) makes it poss ib le  t o  s t a t e  t h a t  t h e  p-n 

I n  another paper (Bibl.2) K was calculated f o r  t h e  case where t h e  external  

k- Notations as i n  an e a r l i e r  repor t  (Bibl.3). 
;in dimensional quant i t ies .  

The calculat ions a r e  performed 

%-x- Numbers i n  t h e  margin i n d i c a t e  paginqtion i n  t h e  o r i g i n a l  foreign tex t .  
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f a c t o r  i s  a magnetic f i e l d .  Under t h e  assumptions tha t :  1) a magnetic f i e l d  

does not change'the mobil i ty  ratio b; 2 )  t h a t  cosh (d/L) B b; 3) N = 0; 4 )  t h a t  

' a(q/kT)v B 2b(d/L)e'-dL w e  obtained t h e  expression /1 

I n  i t s e l f ,  eq.(2), although va l id  within t h e  framework of t h e  assumptions 

used i n  der iv ing  it, i s  i n s u f f i c i e n t  f o r  ca lcu la t ing  K under a c t u a l  conditions, 

i n  view of t h e  f a c t  t h a t  t h e  values of d/L and CYV, as we w i l l  demonstrate, can- 

not  be a r b i t r a r y .  

F i r s t ,  d/L i s  bounded on top  and, second, f o r  any given d/L, also CYv has 

an upper bound while (CYV),.~ depends on d/L. Thus, Karakushan (Bibl.2) solved 

only p a r t  of t h e  problem of calculat ing K. 

I I n  t h i s  paper, we a r e  making an attempt t o  ca l cu la t e  K i n  i t s  f i n a l  form. 

As had been done i n  t h e  above paper (Bibl.21, w e  w i l l  assume t h a t  t h e  external  

e f f ec t  does not inf luence t h e  value of b. It can be demonstrated t h a t  allowance 

f o r  such an e f f ec t  has only a s l i g h t  influence on t h e  f i n a l  r e s u l t .  T h i s  i s  

q u a l i t a t i v e l y  c l e a r  from t h e  f a c t  that f depends bi-exponentially on d/L but 

less than exponentially on b [cf .  eqs.(36) - (39), (Bib1.3)I. 

1 

' I  
1 

If t h e  conductivity v a r i e s  only on account of t h e  va r i a t ion  i n  t h e  mobili ty 

, of t h e  cur ren t  c a r r i e r s  p,  then I 

(3  1 i Aula - by/& . '  
1 

, I  The r e l a t i v e  va r i a t ion  i n  t h e  current through a p-n junct ion i s  connected 1 
1 

wi th  t h e  r e l a t i v e  va r i a t ion  of t h e  d i f fus ion  length by t h e  r e l a t ion  

2 



Equations ( 4 )  - (6)  were obtained on t h e  bas i s  of eqs.(36) - (39)  of another 

paper (Bibl.3). The r e l a t i o n  between f r o  and L was not  taken i n t o  account. It 

follows from t h e  well-known re l a t ion  L = a t  T = const t h a t  

(7  

When t h e  ex terna l  e f f e c t  i s  a magnetic f i e l d ,  we have AT = 0 and from eqs.(3), 

( 4 ) ,  and (7)  w e  obtain:  

(Bibl.2) a r e  sa t i s f i ed .  

If t h e  ex terna l  ac t ion  heats  t he  gas of t h e  current c a r r i e r s  [ f o r  example 

(BibLk)] ,  then 

( 9  

where h is  t h e  exponent i n  t h e  re la t ion  connecting P and To (To is  t h e  tempera- 

t u r e  of t h e  current-carr ier  gas): P - T,, A .  The value and sign of  h depend on ’ 

t h e  type of sca t te r ing .  

s c a t t e r i n g  on ionizing impur i t ies ,  h = 3/2 (Bibl.5). 

I n  l a t t i c e  sca t te r ing ,  we have h = -1/2, while i n  

Others adopt t h e  semiem- 
- ,  
’ P i r i c a l  value 1 (Bibl.4). Making use of eqs.(3), (41, (71, and (91, we get ;  

I 
I 

I 

, ( 8 4  

Comparison of eqs . ( l ) ,  (8 ) ,  and ( s a )  yields t h e  conclusion t h a t ,  i n  t h e  general1 
I I 

I 1 

case, 
I 

I ’ Where 8 - 1 and f i s  determined i n  eq.(5). 1 

3 
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L e t  us consider t h e  limits w i t -  which cyv, d/L and thus a l s o  K may /197 
vary. 

The equation f o r  t h e  volt-ampere c h a r a c t e r i s t i c  of t h e  form (Bibl.3) 

and eq.(5) f o r  f ,  obtained from eq.(l l) ,  a r e  v a l i d  i f  (Bibl.3): 
I ,  

where 

(12)! 
I 
I 
I 

Since v, cannot exceed t h e  contact po ten t i a l  difference 'p, t h e  value of yo has I I 

~ 

an upper bound. 
I 

s t i l l  v a l i d  a t  I 

where A - ( 2  - 3)(kT/q) (Bibl.6) then we f i n d  from eqs.('12) - (14)  and eq.(6) 

t h a t  d/L has an upper bound: d/L * (d/L),ax. The value of (d/L),ax i s  deter-  

mined f r o m  t h e  relation*: 

' If w e  set t h e  maximum value of vp a t  which eqs . ( l l )  and ( 5 )  arp 

(143 up m u  ?-Ab, 
I 
I ' 

The meaning of condition (15) is t h a t  a subs t an t i a l  modulation of t h e  conductivi 

i t y  of t h e  e n t i r e  quasineutral  region [in t he  sense of t h e  c r i t e r i o n  (12)] can 

be rea l ized  only a t  d/L s (d/L).axo 

I 

I !  W e  pass next  t o  an evaluation of t h e  region of poss ib le  values of a v o  From 
' 1  

eqs.(l2) - (14) it follows that** 

I 

7 Jc We replace t h e  condition % t h e  sign of equality, mult iplying t h e  r igh t -  I 

I 

*% I n  eq.(16) it was taken i n t o  consideration t h a t ,  a f te r  tak ing  t h e  logarithms, 
I 

' 'hand s i d e  of eq.(12) by e (O,k 1 Bo 
' t he  inequal i ty  9 could be replaced by t h e  l e s s  s t r i c t  i nequa l i ty  >. 

4 
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According t o  eqs.(35) and (37) i n  an e a r l i e r  report  (Bib1.3), we have 

) 

Subs t i t u t ing  eq.(17) i n t o  eq.(16), after a number of transformations and tak ing  

eq.(15) i n t o  account, we obtain 

- In >-a ( v -  h) i + c o r h ( d / L )  80. corh ( d / L )  i + c o r h ( d / L )  Q 

b t eo rh( d/L) kT 
4 
kT 2 2 - A + h  

Obviously, o the r  conditions being equal, K w i l l  be g rea t e r  t h e  g rea t e r  (q/kT)a 

(v - c p ) ,  so t h a t  K,,, , t h e  m a x i m u m  value of K f o r  a given d/L, w i l l  be reache 

at  

' 

1 I +  ce.h(d!&) 8 ~ =  eerh{!a!L) + e@ g<!a!L) - In - In +e& 
(19 .ax 2 b+coch(d/L)  2 kT 

S u b s t i t u t i n g  eq. (19 ) i n t o  eq. ( 51, we get 

i + e o r h ( d / L )  - c o r h ( d / L )  g r i n h ( d / L )  d 

' 8mx - e [lo i + c o r h ( d / l )  i + c o r h ( d / L )  +zA1 b + c o r h ( d / L )  T' 
As a l ready  noted, t h e  case cosh (d/L) - 1 i s  not  of i n t e r e s t  here, and it i s  /1 
t h e r e f o r e  na tu ra l  t o  consider cosh (d/L) 9 1. 

eq.(20) t h a t  

As a r e s u l t ,  i t  follows from 
1 ;  

( 20a 

' k t  i s  obvious t h a t  t h e  right-hand s ide  of eq.(20a) has a maximum a t  some optimu 

Value of d/L = (d/L),,t, and t h a t  (d/Lopt 

land K,., m.X - K,.x[(d/L),ptl f o r  t h e  case e ( & I o p t  % b leads  t o  t h e  expression 

(d/L)..,. Calculation of  (d/L),,t 
' 4  

- 
I 

I 

( 4 L )  'When t h e  inequa l i ty  e O p t  B 2b i s  not s a t i s f i e d  ( t h i s  case is poss ib l e  i n  

1 
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p-n junctions of InSb, a t  b 9 11, t h e  value of (d/L),,t i s  s h i f t e d  toward 

grea te r  d/L. 
I 

It is  c l e a r  from eqs . (U)  and (22) t h a t  (d/L),,t and K,,, ,., depend only 
I 

on t h e  r a t i o  (d/L),ax, i.e., i n  t h e  f i n a l  ana lys i s ,  on t h e  degree o f  a l loy ing  

of t h e  p- and n-regions of t h e  p-n junction. 
I ~ 

9 1 it follows t h a t  

1 

I n  f a c t ,  from eq.(15) a t  (d/L),,, b 
I 

I 
Noting t h a t  cp = (kT/q) In(P/p,) (P being t h e  concentration of acceptors i n  the  ~ 

’ 
, 

p-region) and bearing wo(6)  i n  mind, we obtain I 

* I 
1 Assume t h a t  A - 3(kT/q) and Yd - 1 . I n  t h i s  case, 
I 

I 

- 3 1 .  ( a b )  h - l o p t s 2  [ l n b N + ( b + I ) p n  
d 1 ( b  + w 

I 
Obviously, t h e  c lose r  t h e  conductivity of t h e  n-region i s  t o  t h e  i n t r i n s i c  con-, 

duc t iv i ty  and t h e  g rea t e r  P*, t h e  grea te r  w i l l  be (d/L),,t. 

(d/L),,t and K,,, f o r  ac tua l  cases. 

L e t  us es t imate  
~ 

, 
I 

I 

The value of [bN + ( b  + l)pll]  i n  i n t r i n s i c  germanium at  room temperature 

> i s  -id3 ~ m - ~ .  A t  lower temperatures (but  higher than those  corresponding t o  ’ 
!the freeze-out of t h e  current ca r r i e r s ) ,  this value i s  about le2 A t  

p resent ,  i t  i s  poss ib l e  i n  InSb t o  reach a concentration of about Id” an’”, 

p The value of yd i n  t h e  case d/L 9 1 is  unknown. 
‘that yd i s  l e s s  f o r  d/L 9 1 than f o r  d/L < 1. 
we would have yd - 10 (Bibl.’7)* 

It may well  be, however, 
I n  t h e  l a t t e r  case, f o r  N = 0, 

P should not exceed t h e  concentration corresponding t o  degeneration i n t o  
p-regions. 

6 



NASA TT F-9435 

which w i l l  remain constant down t o  helium temperatures. As f o r  P i n  t h e  cases 

of both Ge and InSb, we may assume P - Id" ~ r n - ~ .  Thus w e  may consider, i n  our  

estimate, that ( b  + l)P/[bN + (b + 1>p,] - Id. Hence, (d/L),,% - 4 and 

i 
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